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Abstract 
Objective 

The major characteristic of this invention is improvement of maneuverability by 
hindering catching of the main body of a device for expansion by the peripheral wall of an 
endoscope channel, body vessel, etc, and at the same time prevention of any damage to the 
peripheral wall at the time of insertion maneuvering of a device for expanding a body vessel. 
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Configuration 

This invention is characterized by installing an elastically deformahle insertion portion 7 
into the coil spacing 4a of a stent 4 on the outer circumference of a balloon 3 of a 
balloon-equipped catheter 2, 




Key: 2 Catheter 

3 Balloon 

4 Stent 

7 Insertion portion 

Claim 

1 . A device for expanding a body vessel characterized by installing an elastically 
deformable portion inserted in the coil spacing of the expansion device main body on the outer 
circumferential surface of the balloon in a device for expanding a body vessel and having an 
expanding or shrinking balloon depending on feeding or discharging of a fluid, and equipped 
with a balloon-equipped catheter for feeding a heated or cooled fluid and an expansion device 
main body comprising a shape-memory resin rolled in a roughly coil shape installed detachably 
on the outer circumferential surface of the balloon and an expansion device main body inserted 
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and left at a narrowed portion of a vessel inside the body by maneuvering the balloon-equipped 
catheter. 

Detailed explanation of the invention 
[0001! 

Industrial application field 

This invention pertains to a device for expanding a narrowed portion formed in a body 
vessel such as a blood vessel, the esophagus, bile duct, pancreatic duct, urinary tract ureter, etc., 
for securing the inner cavity of the body vessel. 

[0002] 
Prior art 

Previously, as a device for expanding a body vessel, for example, a device having the 
configuration shown in Japanese Patent Application No. Hei 1 [ 1 989J-1 57149 has been 
developed, This device for expanding a body vessel has an expanding or shrinking balloon 
depending on the feeding or discharging of a fluid and a balloon-equipped catheter (balloon 
dilator) feeding a heated or cold fluid, and on the outer circumferential surface of the balloon of 
this balloon-equipped catheter, a stent (expansion device main body) made of a shape-memory 
resin is detachably installed, 

[0003] 

When this body vessel expansion device is used, the stent installed over the outer 
circumferential surface of the balloon is inserted into a narrowed portion of a vessel inside the 
body by maneuvering the balloon-equipped catheter; subsequently, warm water is fed into the 
balloon of the catheter heating the stent, softening and expanding it; after expansion, cold water 
is fed into the balloon cooling the stent, holding it in an expanded state; and the stent is left at the 
narrowed portion of the body vessel while securing the inner cavity inside the vessel. 

[0004] 

Problem to be solved by the invention 

When the balloon-equipped catheter is maneuvered for insertion, the catheter with a stent 
c installed on the outer circumferential surface of a balloon b of the catheter a as shown in 
Figure 7 is inserted into a desired body vessel by being guided by a guide wire d and by passing 
through the inside of the clamp channel of an endoscope, 
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[0005] 

When the balloon-equipped catheter a is inserted inside the vent endoscope, passes 
through the forceps of the endoscope, is inserted into a bent vessel of the body, etc., the stent c 
installed over the balloon b of the catheter a is also bent together in a single motion with the 
balloon b of the catheter a. If the stent c made of a shape-memory resin is, for example, 
coil-shaped, flex-shaped, etc, with a close-coiling coil shape, the bent portion e of the stent c has 
a space f formed between adjoining coil joint portions Ci and ci of the stent c when the stent c is 
bent in a single motion with the balloon b of the catheter a. 

[0006] 

Consequently, a relatively large uneven portion is formed at the outer circumferential 
surface of the stent c at this bent portion e; a friction resistance occurs at the time of insertion 
into the endoscope channel, forceps and body vessel: and there is a problem of the bent portion e 
of the stent c having a tendency to get caught by the peripheral wall, etc. If the bent portion e of 
the stent c is caught by a peripheral wall, etc., the force required to insert the stent c is increased, 
reducing maneuverability of the catheter a, and at the same time, there is a risk of damage to the 
body vessel, inside the endoscope channel, forceps, at the mucous membrane, etc, 

[0007] 

Furthermore, if the gap f of the bent portion e of the stent c is caught by the forceps, there 
is a risk of removal of the stent c from the balloon b of the catheter a, and consequently, there is 
a problem that the maneuverability of the catheter a becomes especially difficult. 

[0008] 

This invention has been created under the circumstances described above, and the 
objective is to provide a device for expanding a body vessel enabling improvement in 
maneuverability by hindering catching of the main body of the device for expansion by the 
peripheral wall of the endoscope channel body vessel, etc., and at the same time prevention of 
any damage to the peripheral wall at the time of insertion maneuvering of the device for 
expanding a body vessel. 

[0009] 

Means to solve the problems 

This invention is a device for expanding a body vessel, in a device for expanding a body 
vessel and having an expanding or shrinking balloon depending on feeding or discharging a fluid 
and equipped with a balloon-equipped catheter for feeding a heated or cooled fluid and an 



5 



expansion device main body comprising a shape-memory resin rolled in a roughly coil shape 
installed detachably on the outer circumferential surface of the balloon and expansion device 
main body being inserted and left at a narrowed portion of a vessel inside the body by 
maneuvering the balloon-equipped catheter, characterized by installing an elastic-ally defonnable 
portion inserted in the coil spacing of the expansion device main body on the outer 
circumferential surface of the balloon. 

[0010] 
Operation 

When an expansion device main body is bent in a single motion with the balloon of a 
catheter at the time of insertion into an endoscope channel forceps, bent body vessel, etc., an 
insert to be inserted in the spacing between adjoining coil rounds is elastically deformed to 
correspond to the shape of the gap formed at the joint between adjoining coil rounds filling the 
gap and preventing the outer circumferential surface of the bent portion of the expansion device 
main body from forming an uneven portion and hindering catching of the expansion device main 
body by the peripheral wall of the endoscope channel, body vessel, etc. 

[001 1] 

Application examples 

The first application example of this invention is explained by referring to Figure 1 to 
Figure 4 as follows. Figure 1(A) shows the outline configuration of the complete device for 
expanding a body vessel L This body vessel expansion device I has a balloon-equipped catheter 
(balloon dilator) 2 feeding a heated or cooled fluid. 

[0012] 

At the tip of this catheter 2, a balloon 3, which is expanding or shrinking depending on 
feeding or discharging of a fluid, is installed as shown in Figure 1(B). Furthermore, at the outer 
circumferential surface of this balloon 3, a stent (expansion device main body) 4 5 which is made 
of a shape-memory resin material plate wound to form a roughly coil shape as shown in Figure 2, 
is installed detachably. 

[0013] 

As a shape-memory resin material usable for this stent 4, there are, for example, 
polynorbornene, trans-l,4-polyisopropylene, styrene-butadiene copolymer, polyurethane, etc. 
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[0014] 

When this stent 4 is heated above a certain temperature (called shape-recovery 
temperature, below), it reaches a rubber-like state, softens, is returned to the memorized shape, 
and when the temperature falls below the shape-recovery temperature, it hardens into a plastic 
state. This shape-recovery temperature is set in the range of, for example, 40-60°C. 

[0015] 

Furthermore, the memorized shape of shape-memory resin stent 4 above the 
shape-recovery temperature is, for example, smaller than the inner diameter of a body vessel s so 
that it can be easily recovered after it has been left inside the body vessel s. 

[0016] 

The back end of the stent 4 has a hole 5, and a looped recovery- thread 6 made of surgical 
suture, etc., is attached to the inside of this hole 5, When the stent 4 is to be recovered, a clamp, 
etc., may be used to hold the looped recovery thread 6 for easy recovery of the stent 4, 

[0017] 

On the other hand, the outer circumferential surface of the balloon 3 also has an 
elastically deformable insert 7, which is to be inserted in each coil space 4a of stent 4, This insert 
7 made of, for example, a rubber-like elastic material such as silicone, polyurethane, etc., is 
formed in a spiral shape similar to the coil spaces 4a of the stent 4 so that it can fill each of the 
spiral-shaped coil spaces 4a of the stent 4, and it is fixed on the outer circumferential surface of 
the balloon 3 to form a single body by using an adhesive. When the catheter 2 with the stent 4 
loaded is inserted into a bent or curved path such as an endoscope channel, forceps, body vessel, 
etc., this insert 7 prevents catching of any protrusion of the coil spaces 4a of the stent 4 by the 
peripheral wall of the endoscope channel, body vessel, etc. 

[0018] 

Furthermore, at the near side of the catheter 2, a path branch point 8 is installed. This 
branch point 8 is connected to one end of a first near-side catheter 9a at one side and at the other 
side, one end of a second near-side catheter 9b, respectively. 

[0019] 

At the other end of the first near-side catheter 9a, a hole 10 for feeding or discharging air 
or physiological saline solution is installed, and to this hole 10, a three-way stopcock 1 1, 
pressure gauge 12 and a pistol grip 14 equipped with a syringe 13 for injection or discharge are 
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attached, respectively. With this set-up, it is possible to pressurize the balloon 3 while 
monitoring the injection pressure. 

[0020! 

The other end of the second near-side catheter 9b has a guiding wire hole 16, into which a 
guiding wire 15, which is connected through the catheter 2 to its end opening 2a as shown in 
Figure 4, is insertable. 

[0021] 

The operation of the configuration described above is explained as follows. The operation 
to be explained here is to expand a narrowed portion h formed inside a body vessel s as shown in 
Figure 3(A) by using body vessel expansion device 1 having the configuration described above. 

[0022] 

First, the guiding wire 15 is inserted endoscopically into the desired body vessel s and 
further to the narrowed portion h so that the tip of the guiding wire 15 is at a position slightly 
beyond it, Subsequently, the rear end of the guiding wire 15 outside the body is inserted into the 
catheter 2 from the tip opening 2a, and the tip of the catheter 2 with the stent 4 loaded is inserted 
to the desired narrowed portion h by moving along the guiding wire 15. 

[0023] 

If the endoscope is bent when it passes the forceps during this procedure of inserting the 
catheter 2 or if body vessel s is curved, the stent 4 is bent in a single motion with the balloon 3 of 
the catheter 2 as shown in Figure 4. 

[0024] 

In this case, since the elastically deformable insert 7 is inserted in each of the spiral coil 
gaps 4a of the stent 4 and installed over the outer circumferential surface of the balloon 3, the 
insert is elastically deformed conforming to the shapes of the gaps formed in the adjoining coil 
gaps 4a of the stent 4, and consequently, the outer circumferential surface of the bent portion 17 
of the stent 4 is prevented from forming any large protrusion. Consequently, the outer 
circumferential surface of the bent portion 17 of the stent 4 can be maintained in a roughly 
smooth state; the catheter 2 can pass through smoothly; and at the same time, catching of the 
stent 4 by the peripheral wall of the endoscope channel, body vessel s, etc, is hindered, enabling 
insertion of the stent 4 without damaging the peripheral wall of the endoscope channel, body 
vessel s 5 etc. 
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[0025] 

As shown in Figure 3(A), the guiding wire 15 is removed from the catheter 2 after the 
stent 4 has been inserted to the end of the desired narrowed portion h. With this state maintained, 
a heated physiological saline solution is injected into the guiding wire hole 16 of the second 
near-side catheter 9b by using a syringe, etc, and the solution is fed inside the catheter 2. The 
temperature of the physiological saline solution is set slightly above the shape-recovery 
temperature of the shape-memory resin material of the stent 4. 

[00261 

By injecting a heated physiological saline solution from the near side, this heated 
physiological saline solution is released inside the body vessel s from the tip opening 2a of the 
catheter 2, This physiological saline solution heats the whole shape-memory resin material of the 
stent 4 above its shape-recovery temperature softening the stent 4, 

[0027] 

With this state maintained, the pistol grip 14 connected to the injection and discharge 
hole 10 of the first near-side catheter 9a is operated injecting air or a physiological saline 
solution in syringe 13 into the balloon 3. In this case, the injection for pressurization is carried 
out while monitoring the pressure gauge 12 so that the balloon 3 is not excessively pressurized. 

[0028] 

As a result of pressurization of the balloon 3, the stent 4 installed on the outer 
circumferential surface of the balloon 3 and softened by the warm solution and insert' 7 also 
installed over the outer circumferential surface of the balloon 3 are enlarged by expansion of the 
balloon 3. 

[0029] 

Furthermore, after the stent 4 is enlarged to a desired size as shown in Figure 3(B), a 
physiological saline solution at a temperature below the shape-recovery temperature of the 
shape-memory resin material of the stent 4 is injected into the guiding wire hole 16 of the second 
near-side catheter 9b, this is released into the body vessel s from the tip opening 2a of the 
catheter 2, and the whole shape-memory resin material of the stent 4 is cooled. As a result of this 
cooling, the stent 4 hardens in an enlarged state, 



9 



[0030] 

Subsequently, the air or aqueous solution inside the balloon 3 is discharged through the 
injection and discharge hole 10 of the first near-side catheter 9a deflating the balloon 3 as shown 
in Figure 3(C). With this state maintained, the catheter 2 is removed from the body vessel s. As a 
result, only the stent 4 in its enlarged state remains at the narrowed portion h inside the body 
vessel s. The insert 7 of the balloon 3 is fixed on the outer circumferential surface of the balloon 

3 as a single body, and it can be removed together with he catheter 2 from the body. 

[0031] 

In the configuration described above, the elastically deformable insert 7 is installed in an 
extruded state on the outer circumferential surface of the balloon 3, and this insert 7 is inserted in 
each of the coil spaces 4a of the stent 4. Consequently, when the stent 4 is bent together with the 
balloon 3 of the catheter 2 when it is inserted into a curved endoscope channel, forceps, bent 
body vessel s, etc, the insert 7 is elastically deformed conforming to each of the shapes of the 
adjoining coil spaces 4a of the stent 4 completely filling each of the adjoining coil spaces 4a of 
the stent 4, 

[0032] 

Consequently, the formation of a large uneven portion in the bent portion 17 of the stent 

4 in the prior art is preventable, and it is possible to hinder catching of the stent 4 by the 
peripheral wall of the endoscope channel, body vessel s, etc., at the time of insertion procedures 
for the stent 4. 

[0033] 

Therefore, the operation of inserting the stent 4 into a curved endoscope channel, forceps, 
bent body vessel s, etc., can be carried out smoothly improving the maneuverability of the 
catheter 2 from the prior one, and at the same time, it is possible to prevent any formation of 
damage to the peripheral wall of the endoscope channel, forceps, mucous membrane, etc., of 
body vessels, etc, 

[0034] 

Furthermore, while the outer circumferential surface of the bent portion 17 of the stent 4 
is prevented from catching by the peripheral wall of the forceps, etc, it is also possible to prevent 
the stent 4 from coming off the balloon 3 of the catheter 2. 
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[0035] 

If it becomes necessary to recover the stent 4 due to restenosis, etc., a physiological saSine 
solution at a temperature above the shape-recovery temperature is injected inside the body vessel 
s, where the stent 4 remains, via catheter 2, allowing the stent 4 to return to the initial shape 
(memorized shape) smaller than the diameter of the body vessel s. With this state maintained, the 
recovery thread 6 installed at the back end of the stent 4 is held by a holding clamp, etc., and 
pulled out enabling recovery of the stent 4 easily. 

[0036] 

Furthermore, a coating of a shape-memory resin material may be applied partially to the 
outer circumferential surface of the guiding wire 15, and the shape-recovery temperature of this 
shape-memory coating resin material is set below the body temperature, for example, in the 
range of 30-37°C. 

[0037] 

The human body temperature is about 37°C thus, when the guiding wire 15 is inserted 
inside the body, the coated portion of the guiding wire 15 is maintained in a state above the 
shape-recovery temperature of the shape-memory resin material, and consequently, the guiding 
wire 15 is maintained in a soft state, 

[0038] 

When cold water below the body temperature is fed around the coating of the guiding 
wire 15 though the catheter 2, the coated portion becomes hard improving torque transmission. If 
the feeding of cold water is stopped, the temperature of the coating portion of the guiding wire 
15 is raised above the shape-recovery temperature by the body temperature easily recovering the 
softness of the guiding wire 15, Therefore, with this configuration, it is possible to control the 
two contradicting characteristics of softness and torque transmission of guiding wire 15 in a good 
balanced state depending on whether cold water is being fed or not. 

[0039] 

Furthermore, it is also possible to install an electric wire heater inside the guiding wire 
15, and at the same time, a coating of a shape-memory resin material may be applied partially to 
the outer circumferential surface of the guiding wire 15, and the shape-recovery temperature of 
this shape-memory resin material of the coating is set above the body temperature 
(approximately 37°C), 
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[0040] 

In this case, the shape-recovery temperature of the shape-memory resin material of the 
coated portion is set above the body temperature (approximately 37°C); the coated portion of the 
guiding wire 15 is hard when the guiding wire 15 is inserted into the body with no electric power 
supplied to the electric wire heater; and the torque transmission is set in a high state. 

[0041] 

If electricity is supplied to the electric wire heater to heat the guiding wire 15, and the 
coated portion of the guiding wire 15 is heated above the shape-recovery temperature of the 
shape-memory resin material, it is possible to soften the coated portion of the guiding wire 15. 
Therefore, in this case, the electric wire heater is turned on or off to control the two conflicting 
characteristics of softness and torque transmission of the guiding wire 15 in a balanced state. 

[0042] 

Furthermore, the guiding wire 15 may have a configuration of a first wire portion on the 
tip side and a second wire portion on the back end side; they are joined by using, for example, a 
screw-type joint, and at the same time, only the outer circumferential surface of the first wire 
portion is allowed into a portion where a hydrophilic lubrication treatment is applied. 

[0043] 

In this case, it is possible to apply a hydrophilic lubrication treatment only on a desired 
portion of the long guiding wire 15 using a simple facility. Namely, to apply a hydrophilic 
lubrication treatment to the guiding wire 3 5, it is necessary to activate the raw material surface of 
the guiding wire 15 into a highly reactive state by carrying out plasma irradiation on the surface 
or by allowing it to come into contact with 0 3 gas as a pretreatment If the material of the 
guiding wire 15 remains without any hydrophilic lubrication treatment after the activation 
pretreatment, it deteriorates rapidly becoming unusable, and thus, it is necessary to carry out a 
hydrophilic lubrication treatment as soon as the activation pretreatment has been completed. 

[0044] 

However, if plasma irradiation is to be carried out locally on a portion of the long guiding 
wire 15, it is necessary for the remaining portion without plasma irradiation to remain outside the 
reactor, only the portion required is placed inside the reactor, which has to be maintained at a 
high vacuum of 10" 5 -10" 7 ton, and it is extremely difficult to secure an air-tight sealed state 
where the guiding 15 protrudes from the reactor. 
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[0045] 

Similarly in the case of exposure to 0 3 gas, only the required portion is placed inside the 
reactor, and it is necessary to secure an air-tight sealed state where the guiding wire 15 protrudes 
from the reactor, but the sealing material is susceptible to deterioration by 0 3 gas, and practical 
execution of sealing is very difficult. 

[0046] 

Therefore, the guiding wire 15 can be prepared with a first wire portion and a second 
wire portion, which are joined by a screw-type joint, and only the first wire portion having a 
relatively short length receives a hydrophilic lubrication treatment. Prior to joining with [the 
second portion], the relatively short first wire portion can be easily placed in a reactor for a 
pretreatment, such as plasma irradiation, etc., and consequently, the facility to carry out a 
hydrophilic lubrication treatment can be simplified, and by using this simple facility it is possible 
for local hydrophilic lubrication treatment of only the desired portion of the long guiding wire 
15. 

[0047] 

The near side of the guiding wire 15 does not have an applied hydrophilic lubrication 
treatment, and thus, there is no slipping of hands, and the maneuverability is improved, 
Furthermore, the less durable first wire portion can be replaced, and the second wire portion can 
be reused. Therefore, it is possible to reduce costs. In addition, the hardness and elasticity of the 
materials used to construct the first and second portions are changeable; thus, it is possible to 
prepare a suitable guiding wire 15 depending on the specific applications improving the 
usability. 

[0048] 

It is possible to join the first wire portion with an applied hydrophilic lubrication 
treatment and second portion without an applied hydrophilic lubrication treatment using a pipe 
joint. In this case, the outer diameter of the pipe joint made of a shape-memory alloy material is 
set smaller than the outer diameter of the wire portions; the bonding edges of the first and second 
wire portions are inserted into the pipe joint which is plastically deformed to a diameter larger 
than the outer diameter of these wire portions ; and subsequently, the pipe joi nt is allowed to 
return to the initially memorized shape securely connecting the first and second wire portions. 
Therefore, assembly of the guiding wire 15 can be carried out easily. 
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[0049] 

Furthermore, it is possible to construct guiding wire 15 with 3 or more wire portions, and 
a hydrophilic lubrication treatment may be applied to any desired portion. 

[0050] 

Figure 5(A)-(C) shows the second application example of this invention, The stent 4 
prepared by spirally wrapping a shape-memory resin ribbon as in the first application example is 
replaced by a tubular shape-memory resin wound in a coil shape as shown in Figure 5(B) to form 
a stent 21. In this case, the shape-recovery temperature of the shape-memory resin forming the 
stent 21 is set in the range of 40-60°C, and similarly to Application Example 1, the memory 
shape of the stent 21 is set to have a diameter smaller than that of the diameter of the body vessel 
s, into which it is inserted at the time of recovery. 

[0051] 

As shown in Figure 5(A), the outer circumferential surface of the balloon 3 has an 
elastically deformable and lodging-preventive insert 22 formed as an extrusion, which is inserted 
in the coil spaces 21a of the stent 21. This insert 22 made of a rubber-like elastic material, such 
as silicone, polyurethane, etc., is formed in a spiral shape and size roughly the same as that of the 
coil spaces 21a of the stent 21 so that the coil spaces 21a of the spiral shaped stent 21 can be 
filled, and it is fixed on the outer circumferential surface of the balloon 3 with an adhesive, etc., 
as a single body. 

[0052] 

The body vessel expansion device 1 having the above configuration is inserted into a 
body vessel s using the same procedures as those used in the first application example, and as 
shown in Figure 5(C), only the stent 21 remains in an enlarged state at the narrowed portion h 
inside the body vessel s. 

[0053] 

Furthermore, the spiral-shaped insert 22 is fixed on the outer circumferential surface of 
the balloon 3 with an adhesive; it can be removed from the body when the balloon 3 is removed 
with the catheter 2 by deflating it. 

[0054] 

In the configuration described above, the lodging-preventive insert 22, which is formed 
as a single body on the outer circumferential surface of the balloon 3 and fills the coil spaces 21a 
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of the stent 21, is installed; consequently, when the stent 21 is bent together with the balloon 3 of 
the catheter 2 upon insertion into a curved endoscope channel, forceps, bent body vessel s, etc, 
the insert 22 is elastically deformed confirming to the shape of the adjoining coil spaces 21 of the 
stent 21 similarly to the first application example by filling the adjoining coil spaces 21a of the 
stent 21, and as a result, the outer circumferential surface of the bent portion of the stent 21 is 
prevented from forming any uneven protrusions. This hinders catching of the stent 21 by the 
peripheral wall of the endoscope channel, forceps, body vessel s, etc., during insertion of stent 
21. 

[0055] 

Therefore, it becomes possible to carry out smooth insertion of the stent 21 into a curved 
endoscope channel, forceps, bent body vessel s, etc.; the maneuverability of the catheter 2 is 
improved more than ever; and at the same time, it is possible to prevent any damage to the 
peripheral wall of the endoscope channel, forceps, body vessel s, a comprising mucous 
membrane, etc. In addition, the outer circumferential surface of the bent portion of the stent 21 
can be prevented from lodging on the peripheral wall of the forceps, etc, and consequently, it is 
possible to prevent dislodging of the stent 21 from the balloon 3 of the catheter 2. 

[0056] 

Figure 6(A)-(D) shows a third application example of this invention. In this example, the 
structure of the balloon 3 in the second application example is changed. Specifically, in this 
application example, the cylindrical portion 31 of the outer circumference of the balloon 3 has a 
spiral shaped insert 32, which is to fill the coil spaces 21a of the stent 21 of the second 
application example formed as a single body. 

[0057] 

In this case, as shown in Figure 6(A) and (B), the spiral shaped insert 32 is retained as a 
protrusion from the outer circumferential surface of the cylindrical portion 31 of the balloon 3 
when the balloon 3 is deflated, and with this state maintained, the spiral extrusions of the insert 
32 are inserted in the coil spaces 21a of the stent 21. 

[0058] 

This body vessel expansion device 1 is inserted into a narrowed portion h inside the body 
vessel s using the same procedures as those of the first or second application example. In this 
case, the coil spaces 21a of the stent 21 are filled with the spiral shaped insert 32 of the balloon 
3, Even at the time of passing a curved endoscope channel, forceps, bent body vessel s, etc, the 
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stent 21 can be inserted without being held by the peripheral wall of the endoscope channel, 
body vessel s, etc, 

[0059] 

Furthermore, after insertion, a physiological saline solution at a temperature above the 
shape-recovery temperature of the stent 21 is released from the tip opening 2a of the catheter 2 
heating the whole stent 2 1 . As a resul t of this heating, the stent 21 made of a shape-memory resin 
becomes soft; with this state maintained, air or water is injected into the balloon 3 expanding the 
balloon 3, and as a result, the spiral shaped insert 32 of said balloon 3 also expands as shown in 
Figure 6(C), and the softened stent 21 is also enlarged with the balloon. 

[0060] 

When the stent 21 is enlarged to a desired size, a physiological saline solution for cooling 
to a temperature below the shape-recovery temperature is released from the tip opening 2a of the 
catheter 2 cooling the whole stent 21. As a result of this cooling, the stent 21 made of a 
shape-memory resin hardens in an enlarged state- 

[0061] 

Subsequently, the air or water inside the balloon 3 is discharged as shown in Figure 6(D) 
deflating and remo ving the balloon 3 to allow the stent 21 made of a shape-memory resin to 
remain at the narrowed portion h inside the body vessel s in an expanded state. 

[0062] 

In the configuration described above, the adjoining coil spaces 21a of the stent 21 are 
filled with the spiral shaped insert 32; consequently, the adjoining coil spaces 21a of the stent 21 
are not caught by the peripheral wall of the endoscope channel, forceps, body vessel s, etc., and 
damage to the peripheral wall are prevented similarly to the first and second application 
examples. In addition, the stent 21 is not dislodged from the balloon 3. This invention is not 
necessarily limited to the application examples described above, and as long as an embodiment 
does not go beyond the scope of the gist of this invention, it is certainly possible to use various 
embodiments. 

[0063] 

Effect of the invention 

In this invention, an elastically deformable insert to fill coil spaces of the expansion 
device main body on the outer circumference of the balloon is installed, and consequently, the 
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expansion device main body is not easily caught by the peripheral wall of an endoscope channel, 
body vessel, etc, at the time of insertion of the expansion device, improving the maneuverability 
and at the same time preventing damage to the peripheral wall. 

Brief description of the figures 

Figure I is a drawing showing the body vessel expansion device of the first application 
example of this invention, (A) is an outline drawing of the complete configuration, and (B) is a 
vertical cross-sectional drawing of a major portion. 

Figure 2 is a side-view drawing showing a stent. 

Figure 3 shows usage of the device for expanding a body vessel (A) is a vertical cross 
sectional drawing showing the stent inserted in a narrowed portion of a body vessel. (B) is a 
vertical cross section showing the balloon inflated. (C) is a vertical cross section showing the 
balloon-equipped catheter being withdrawn. 

Figure 4 is a side-view drawing showing a balloon with a loaded stent being bent. 

Figure 5 shows the second application example of this invention. (A) is a vertical cross 
section of the major portion showing the stent being loaded at the tip portion of a 
balloon-equipped catheter. (B) is an oblique drawing of the stent, and (C) is a vertical cross 
section showing the balloon-equipped catheter being withdrawn. 

Figure 6 shows the third application example of this invention. (A) is a side view 
showing the tip portion of a bal loon-equipped catheter (B) is a vertical cross section of the major 
portion showing a stent being loaded at the tip portion of a balloon-equipped catheter; (C) is a 
vertical cross section showing the balloon inflated; and (D) is a vertical cross section showing 
the balloon-equipped catheter being withdrawn. 

Figure 7 shows a side view of the major portion of a prior example. 

Explanation of symbols 

2 Balloon-equipped catheter 

3 Balloon 

4, 21 Stent (expansion device main body) 

4a, 21a Coil spaces 

7, 22, 32 Insert 
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